The ATLAS collaboration has measured the production of heavy flavoured bottom and charm hadrons in proton-proton collisions at the Large Hadron Collider (LHC) at centre of mass energies of √ s = 5.02, 7, 8 and 13 TeV. These measurements serve as an important test of QCD calculations. Production measurements of J/ψ, ψ(2S), X(3872) charmonium states, as well as b-hadron and J/ψ pairs are presented.
Introduction
Measurements of Heavy Flavour production provides important tests of Quantum Chromodynamics (QCD). The large mass scale of heavy charm and beauty quarks helps to separate perturbative and non-perturbative contributions and hence aides in calculations. Presented here are measurements by the ATLAS detector [1] utilising proton-proton collisions at the Large Hadron Collider (LHC) [2] at centre of mass energies of √ s = 5.02, 7, 8 and 13 TeV.
Bottom production
The identification of bottom quarks in jets is an important experimental technique at the LHC. Many known and predicted particles decay into b-quarks. The identification usually makes use of the relatively long lifetime τ of the formed b-hadrons with an average of cτ ∼ 450µm. The decay vertices of b-hadrons and the charged-particle tracks originating from them are displaced from the primary vertex of the collision. These displaced tracks and vertices can be reconstructed and identified. The bb production cross section has been measured using such techniques [3] .
B-hadron pair production
Current calculations of bb production have some disagreements with the data, in particular at small separation angles between the two quarks. As strong bb production is a frequent process it also forms an important background to H → bb decays. In the best reconstructed modes, the Higgs boson will carry a sizeable momentum and hence the resulting b-jets in the decay will be relatively close together. Measuring this particular phase space is very difficult with jets due to their limited resolution and relatively large extent. A measurement with partially reconstructed b-hadron pairs has a better pointing resolution. The first b-hadron is reconstructed in B → J/ψ + X decays, while the second utilises B → µ + Y decays. The non-prompt component from B → J/ψ + X decays is separated from prompt J/ψ production via a lifetime fit, as shown in Fig. 1 . This analysis technique allows to measure the differential bb cross section down to an opening angle of zero [4] . The resulting differential cross section is compared with various Monte Carlo generators in Fig. 2 . The best description is given by the PYTHIA8 generator with the default setting 4, a transverse momentum based splitting kernel [5] .
Charm production
Due to the shorter lifetime the inclusive reconstruction of charm hadron decays is more difficult. The reconstruction of exclusive decays of charmonium states (
J/ψ & ψ production
A measurement of J/ψ & ψ production has to take several sources into account. In particular there is a feed-down of charmonium from b-hadron decays. This feed-down can be separated statistically using the pseudo-lifetime of the reconstructed decay vertex.
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Andreas Korn, for the ATLAS Collaboration ATLAS has measured quarkonium production at centre of mass energies of √ s = 7, 8, 13 TeV [6, 7] and more recently at 5.02 TeV [8] . Shown in Fig. 3 are the differential prompt J/ψ → µ + µ − and ψ(2S) → µ + µ − cross sections. The measurement is in good agreement with next-to-leading-order (NLO) non-relativistic QCD (NRQCD) predictions [9, 10] .
X(3872) production
The exotic X(3872) was first discovered by the Belle collaboration in 2003 and has since then been confirmed by many experiments. The quantum numbers have been firmly established, but the exact nature of this charm state is still unknown. ATLAS measured the production of X(3872) in the decay mode X(3872) → J/ψπ + π − using ψ(2S) → J/ψπ + π − as normalisation [11] . Again the lifetime distribution is used to separate prompt and non-prompt production. A two lifetime fit including a long-lived and a short-lived component is employed. The short-lived fraction dominated by B c decays is measured to be:
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The fitted production ratios between X(3872) and ψ(2S) are shown in Fig. 4 . The prompt production cross section agrees well with the NLO NRQCD prediction [12] . The fixed-order-nextto-leading-log (FONLL) prediction of the non-prompt X(3872) cross section [13] lies consistently above the data.
The di-pion invariant mass spectra in the → J/ψπ + π − decay, shown in 3.3 Prompt J/ψ pair production J/ψ pairs can be produced in proton-proton collisions either by single parton scattering (SPS) or by double parton scattering (DPS) via two independent parton-parton interactions. The study of these interactions allows a better understanding of higher order and non-perturbative QCD.
ATLAS performed a measurement at √ s = 8 TeV using 11.4 fb −1 of data [14] . Prompt J/ψ events are separated from non-prompt source via the displaced secondary vertex and a lifetime fit.
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Andreas Korn, for the ATLAS Collaboration ψ(2S) from a) prompt (P) and b) non-prompt (NP) production with a shortlifetime (SL) and a long-lifetime (LL) component [11] . The short-lived component is fitted with a a/p 2 T function. The phase space separates to qualitative regions: the away region at low p T of the di-J/ψ system with the J/ψ s produced back to back and high p T forward region, where the boosted J/ψ s are close together. Using J/ψ reconstructed from two independent events as template for DPS, the DPS fraction f DPS = (9.2 ± 2.1(stat) ± 0.5(syst))% as well as the DPS cross section can be extracted and an effective cross section:
can be measured. Comparing with other experiments, effective cross sections extracted from diquarkonium states seem to be lower than those measured for other final states. The total differential di-J/ψ cross section and the estimated DPS contribution are shown in Fig. 6 . The data seem in reasonable agreement with leading-order DPS [15] and next-to-leadingorder colour singlet non-relativistic QCD calculations without loops [16, 17] .
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Andreas Korn, for the ATLAS Collaboration Figure 6 : Total and double parton scattering (DPS) differential cross sections versus azimuthal opening angle between the two J/ψ s, invariant J/ψ − J/ψ mass and transverse momentum of the di-J/ψ system [14] . Overlaid are the predictions from leading-order DPS [15] and next-to-leading-order colour singlet non-relativistic QCD calculations without loops [16, 17] .
Conclusion
The ATLAS experiment at the LHC has continuously performed measurements of bb and charmonium production of J/ψ, ψ(2S) and exotic X(3872) states. These studies now include also rarer processes like di-J/ψ production. Such investigations of Heavy Flavour production provide important tests of Quantum Chromodynamics. The measurements are overall in good agreement with theoretical predictions and in several cases have been used to tune Monte Carlo Generators.
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